Sodium and potassium assay of foods and biological substrates by atomic absorption spectroscopy (AAS)
Abstract -An atomic absorption spectrometric (AAS) method is described Tor the single run determination of sodium and potassium in a wide variety of foods and biological substrates. Accuracy and precision of the me-. thod were established by repetitive analyses of eight standard reference materials. Additional performance characteristics i.e. repeatability and reproducibility, were established in a collaborative trial involving 10 laboratories and 5 samples. For both analytes the method is adequately precise and accurate. Repeatability value r and reproducibility value R for sodium and potassium are a linear functron of their respective concentration in the samples. The suitability of the procedure is demonstrated for a wide range of biological substrates covering levels of 0.01 to 0.5 percent by mass for sodium and of 0.1 to 2 percent by mass for potassium. Many analytical procedures are described in the literature for the determination of sodium and potassium in foods and biological materials. This also holds for the handbooks of food analysis including the authoritative "Official Methods of Analysis of the Association of Official Analytical Chemists (1984) " in which for both elements gravimetric, volumetric, ion selective, and various spectrometric procedures are described. As well as the measuring techniques, a variety of sample preparation procedures are recomended for bringing the analytes into an appropriate test solution. In the case of certain types of liquids this is achieved by simple dilution but, more generally, wet digestion or dry ashing is required.
Keeping a multitude of techniques operational at the required Good Laboratory Practice (GLP)
level not only requires a considerable effort of control laboratories but also blocks valuable analytical capacity. It thus is much more practical to have a single method covering both a wide range of products and of sodium and potassium levels. However, there is another important reason to advocate the development of such a method. Recently Parr (1980) published details on analytical problems revealed by results for biological reference materials assayed in a number of cooperative trials. This data provide insight on the status of elemental analysis as practised by typical analytical laboratories. Results reported were judged significantly in error whenever the reported mean values differed from the relevant certified values by more than + 20%. According to this measure of reliability 7% of this laboratories reported inaccurate dzta for potassium in Bowen's Kale and IAEAtH-4 Animal Muscle. For sodium these figures were 19% for Bowen's Kale and 21% for Animal Muscle.
Recently we developed an atomic absorption spectrometric (AAS) method for sodium and potassium which.is simple, fast and precise and overcomes the problems outlined. The performance characteristics and the results of the collaborative trial are given here. The method is described in detail in the Annex.
METHOD STATUS
The method described was applied for a number of reference materials covering roughly the levels of 0.01 to 0.5 percent by mass for sodium and 0.1 to 2 percent by mass for potassium. The results of these analyses are summarized in Table 1 and illustrate the adequate accuracy and precision of the procedure and its suitability for a broad variety of biological materials.
COLLABORATIVE TRIAL
To establish additional performance characteristics of the method a collaborative trial was organized the details and outcome of which are given here.
Design and samples
Early in 1987 thirteen laboratories were sent the following packet of materials and information :
-five plastic vials containing I gramme each of the samples A,B,C,D and E, -approximately 500 mg of bromocresol green, -a reporting sheet including sample information and handling instructions, -a detailed description of the analytical procedure in IS0 lay-out.
The deadline for submitting results was set at May 15th. Duplicate analysis were requested for each analyte and sample; in addition blank results were requested.
* Refer to footnote in Table 1 Samples A and B were made by freeze-drying subsamples of the same total diet lot. However, in the case of sample B the subsample was enriched, prior to freeze-drying, with sodium chloride and colorant to give a coloured and 0.040% sodium enriched duplicate of sample A . Sample C was a commercial coffee creamer; Kale Powder was sample D and the NBS Bovine Liver (Table I ) was included as sample E.
For reasons of objectivity participants were not informed about these details.
Homogeneity of each sample was checked prior to shipment by repetitive analysis (N=5) of its sodium and potassium content. Coefficients of variation for sodium and potassium were better than 5% relative for each sample. Thus, homogeneity is estimated adequate in the context of the collaborative trial. Mean sodium levels of samples A and B differed 0.0455% by mass which is 114% of the spike.
Results and discussion
Initially 13 laboratories accepted the invitation to participate in this trial. Results were received from 10 participants and 3 laboratories withdrew from the study due to lack of capacity or for technical reasons. A l l original data submitted are compiled in Table 2 for sodium and in Table 3 for potassium.
The statistical parameters of these data were calculated according to IS0 5725 and Pocklington (1986) and are given in Tables 4 and 5 .
Mean sodium and potassium values for Bovine Liver (sample E), NBS reference material No. 1577, agree well with the certified values given in Table I . Samples A and B are blind duplicates with respect to their potassium content, whereas their sodium content differs theoretically 0.040% by mass. From the set of accepted data for potassium (Table 3 ) it is obvious that none of the laboratories had major difficulties with these samples. However, for sodium (Table 2 ) most laboratories failed to identify the small difference in sodium level of samples A and B. Most probably this is due to a combination of lack of experience with the method and the small relative difference of 6.2% in sodium level between the samples. Obviously most measuring systems require scrupulous attention to detail in tuning and operation if small differences in signal at the sodium levels involved are to be determined. Blank figures of both analytes vary considerably between laboratories; Tables 2 and 3. Laboratory 5 seems to have a major problem in this respect for both potassium and to a lesser extend, for sodium. The other blank values are acceptable in the context of the limit of determination of 0.005% of the method. Nonetheless, it should be stressed that a number of blank results clearly demonstrate that it is feasible to substantially reduce the contribution of the blank to the analytical result. In doing so reliability of results at the lower end of the concentration scale will improve. coefficient of variatioz. 5 r e l a r i v e 3)Confidence level: 95% The repeatability is the value below which the absolute difference between two single test results, obtained within short interval by the same operator using the standardized method on identical material, may be expected to lie with a probability of 95%. In the definition of reproducibility the "same operator" is replaced by "different operators in different laboratories". If, for example, a laboratory wishes to test the method for the NBS Reference Material "Bovine Liver" in Table 1 In general, the overall precision is acceptable given the fact that, except one, all laboratories were not familiar with the method and were self-selected. Therefore, it is realistic to expect a considerable improvement in precision when laboratories get more familiar with the procedure.
the case of
CONCLUSION
The atomic absorption spectrometric method described here for the single run determination of sodium and potassium was successfully tested for a variety of foods and biological substrates. Accuracy of results was found very satisfactory as illustrated by the results for a number of reference material covering a wide range of substrates and analyte levels. Additional method performance characteristics established in a collaborative trial in which 10 laboratories were involved, demonstrate that, in general and for the analyte levels considered, repeatability and reproducibility is satisfactory. None of the results accepted were more than 20% from the mean.
The method can be recommended where a single procedure for sodium and potassium is required for a wide range of biological materials and concentration levels.
DETERMINATION OF SODIUM AND POTASSIUM CONTENT IN FOODSTUFFS AND BIOLOGICAL MATERIAL BY ATOMIC ABSORPTION SPECTROMETRY

SCOPE A N D FIELD OF APPLICATION
This standard specifies an atomic absorption spectrometric (AAS) method for the determination of sodium and potassium in foodstuffs and all other types of biological mater'al.
by mass can be determined.
Under the conditions specified in this standard sodium and potassium down to 5.10 -3 percent 2. DEFINITION Sodium and potassium content of foodstuffs and biological material: the sodium and potassium content determined according to the procedure specified in this standard and expressed in percent by mass.
PRINCIPLE
Organic matter present in the test portion taken for analysis is wet digested at 15OoC in a pressure decomposition vessel and the digest is diluted and adjusted to pH 4 with ammonia. To suppress ionization of sodium and potassium in the flame of the AAS-instrument, cesium chloride solution is added to give a content of 2000 mg cesium per litre in the final solution. Additional dilutions are made as appropriate and the sodium and potassium content of the final solution is measured by atomic absorption using an oxidizing (leanblue) air-acetylene flame; wavelength setting for sodium 589.6 nm and for potassium 766.5 nm .
REAGENTS A N D MATERIALS
Unless otherwise stated, use only reagents of recognized analytical grade and twice distilled water or water of equivalent quality. Select reagents lowest in sodium and ootassium impurity. Avoid, wherever pssib_ie, the use o f -p l a s n -l a b w a r n -a n d -s~o~~-~o~~~~o n n~. -~n~l~~~~~-~~i~~ E~l Y E r~E Y l~" -~o '~a i~n~s -a n~-l a b w a~~-~o -~i~i~~~~-a l~a l~ * mol/l ammonia solution, dilute to 250 ml with water and mix.
1 ml of nitric acid (4.1), dilute to 250 ml with water and mix.
flask, add 50 ml of water and 5.0 ml of nitric acid ( 4 . 1 ) , swirl, and add, by means of a pipette, 0,02 ml of the bromocresol green solution (4.10). Add sufficient ammonia solution (4.3) to change the colour of the indicator from yellow, via green, to just blue. Adjust the solution to pH 4 with hydrochloric acid (4.5), the indicator should just turn yellow, dilute to volume with water and mix. 4.13.1 Sodium/potassium solution, 1000 mg Na/l and 1000 mg K / 1 . Dissolve 1.907 g of 4.13 Sodium/potassium stock solutions: potassium chloride and 2.542 of sodium chloride in water, add 67 ml of nitric acid (4.1) dilute to 1000 ml with water and mix. sodium/potassium solution (4.13.1) in a 100 ml volumetric flask, dilute to volume with water and mix. sodium/potassium solution (4.13.2) in a 100 ml volumetric flask, dilute to volume with water and mix. 4.13.2 Sodium/potassium solution, 100 mg Na/l and 100 mg K / 1 . Place 10.0 ml of the 4.13.3 Sodium/potassium solution, 10 mg Na/l and 10 mg K / 1 . Place 10.0 ml of the 4.14 Standard sodium/potassium solutions.
For each of the concentration ranges 0 to 1, 0 to 10 and 0 to 50 mg of sodium and potassium per litre, prepare five sodium/potassium standard solutions covering the levels specified as adequate as possible. For this purpose transfer by pipette a suitable aliquot of the stock solutions (4.13) into a 100 ml volumetric flask. Add
Reference to company and/or branch names is for identity purposes exclusively and does not imply a guarantee or prefierence of the product specified to the exclusion of others which may be equally suitable.
4.0 ml of the cesium solution (4.11), 50 ml of water and 5.0 ml of nitric acid (4.1) and swirl to mix. Add 0.2 ml of the bromocresol green solution (4.10) and sufficient ammonia solution (4.3) to change the colour of the solution from yellow to just blue. Adjust the solution to pH 4 with hydrochloric acid (4.5), the indicator colour should just turn yellow, dilute to volume with water and mix.
. APPARATUS
Standard laboratory apparatus and labware, and in particutar the items specified hereafter. Avoid, wherever possible, use of glass labware because of the potential problem of alkali metal contamination associated with this material. Reusable polypropylene or polyethylene ware is recommended.
-Decontamination Soak all the clean labware in nitric acid (4.4). Thoughly rinse three times before use with water and store, if not immediately used, at a dust free place. 5.1 Bottles,screw-capped, of 50 ml. Wide mouth types of polyethylene or polypropylene are 5.2 Graduated cylinders, polypropylene, of capacity 50 ml. 5.3 Volumetric flasks, polypropylene, of capacity 100, 250 and 1000 ml. 5.4 Graduated pipette, with glass piston, of capacity 5 ml. 5.5 Adjustable pipettes, with disposable plastic tips, and of continuous adjusigble most suitable.
volumes of 50 to 250 1-11, 200 to 2000 ul and 1000 to 5000 p1. Finnipipettes , Labsystems. Oy (Helsinki/Finland) or equivalent.
5.6
Pressure decomposition vessel. Teflon crucible and lid contained l g compact stainless steel body and screw on cap, crucible of capacity 25 ml. Uni-Seal Decomposition Vessel (Haifa/Israel) or equivalent.
Teflon crucibles and lids are boiled 1 hour in hydrochloric acid (4.5), rinsed with water and boiled 1 hour in water before drying at 120°C in an electrical heated oven. Cleaned crucibles and lids are stored at a dust free place.
-Decontamination
5.7
Electrically heated oven, capable of being maintained at 150°C and equipped with a 5.8 Atomic absorption spectrometer, fitted with a burner for an air-acetylene mixture and thermometer, The oven is located in a fume hood.
suitable for measurements at a wavelength of 589.6 mm for sodium and 766.5 mm for potassium.
5.9
Hollow cathode lamps, single element type, for sodium and for potassium.
SAMPLING A N D SAMPLES
Laboratory samples
Avoid contamination by sodium and or potassium. Store samples in plastic containers in such a way that deterioration and change in composition are prevented.
